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CHARACTERIZING A SYMPTOM PROFILE IN FORMER ATHLETES  
SYDNEY CARPENTER 
ABSTRACT 
The long-term effects of repetitive head impacts are a growing concern. Chronic 
traumatic encephalopathy (CTE) is a progressive neurodegenerative disease that is 
associated with repetitive head impacts and is characterized by distinct neuropathological 
changes. Other risk factors of developing CTE are still unknown but may include age, 
genetics, age of first exposure to sports and type of sport. The only way to diagnose CTE 
is with a post-mortem analysis. Current research is focused on diagnosing CTE during 
life; efforts are turning towards developing a clinically diagnosable syndrome that is 
related to CTE prognosis. Common symptoms reported from retrospective analyses of 
CTE confirmed cases include cognitive difficulties as well as mood and behavior 
symptoms like depression and impulsivity. The goal of the present study was to define 
the clinical presentation of a diverse group of former athletes in an effort to categorize a 
clinical presentation of individuals with various head impact exposure. The individuals in 
the sample included contact and non-contact sport athletes, both male and female, 
ranging from 19 to 86 years of age. The data was based on a larger study, the 
Longitudinal Examination to Gather Evidence of Neurodegenerative Disease (LEGEND). 
In a sample of 592 participants from this study, cluster analyses identified five discrete 
groups of individuals based on their symptom profile. These included Asymptomatic, 
Mildly symptomatic, Mood symptoms, Behavior symptoms and Highly symptomatic 
groups. Between the groups, there was no difference in age of participants. There was no 
	 vi 
prevalence of a certain sport in any of the clusters. Additionally, there was no significant 
finding regarding estimated number of head impacts and symptomatology in football 
players. Results showed an effect of cognitive reserve, measured by years of education. 
Participants in the Asymptomatic group had significantly more education. This implies 
that years of education may be a risk factor for decreasing one’s ability to cope with 
neuropathology. Further research needs to be done on the connection between 
symptomatology and neuropathological diagnosis.  
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INTRODUCTION  
 
 Chronic traumatic encephalopathy (CTE) is a progressive neurodegenerative 
disease that is associated with repetitive head impacts (RHI) and is characterized by 
distinct neuropathological changes including the perivascular deposition of 
hyperphosphorylated tau proteins in the brain (K. Bieniek et al., 2015; B. Gavett, Stern, 
& McKee, 2011; A. McKee, Cairns, et al., 2016; A. McKee et al., 2009; R. Stern et al., 
2011). Currently there is no way to diagnose CTE during life; a true diagnosis can only 
come from a post-mortem neuropathological examination (A. McKee, Cairns, et al., 
2016). From these post-mortem analyses, it has been found that CTE clinically presents 
with cognitive, behavior, and mood disturbances (L. Hazrati et al., 2013; A. McKee, 
Cairns, et al., 2016; A. McKee et al., 2013; J. Mez et al., 2017; R. Stern et al., 2013).  
 
HISTORICAL REPRESENTATION 
This type of neurologic disorder caused by repetitive head impacts was introduced 
by Martland as punch-drunk, a disorder affecting boxers characterized by gait 
abnormalities and mental status changes. Symptoms related to the disorder were noted in 
almost half of boxers by Martland. Sports casters, fans and boxers themselves described 
the afflicted as goofy or seemingly intoxicated. The underlying neuropathology was 
speculated to be due to repeated blows causing multiple concussions possibly leading to 
progressive degenerative lesions in the affected areas. It was distinguished, however, that 
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fighters who moved more quickly and took fewer hits seemed to be less affected. (H. 
Martland, 1928; H. Parker, 1934) 
There was an increase in pathologic examinations of boxers supporting this 
distinguishable form of neurodegenerative disease by the 1970s (J. Corsellis, Bruton, & 
Freeman-Browne, 1973). With the increased clinical evidence of disease and prevalence 
found outside of boxers, a new term chronic traumatic encephalopathy became used 
(Miller, 1966). CTE has since been categorized among athletes of other contact sports, 
football and soccer (H. Ling et al., 2017; A. McKee et al., 2013; B. Omalu et al., 2005), 
and in non-athletes with repetitive trauma to the brain, such as in epileptics (V. Puvenna 
et al., 2016).    
 
NEUROPATHOLOGY  
 A 1973 paper studying the brains of 15 former boxers summarized common 
findings of the gross pathology. These included reduced brain weight, enlarged lateral 
and third ventricles, corpus callosum thinning, fenestrations of the cavum septum 
pellucidum as well as cerebellar tonsils with scarring and neuronal loss (J. Corsellis et al., 
1973). McKee et al found many of these gross pathological findings within the sample of 
48 cases studied in 2009 (A. McKee et al., 2009).  
 Microscopic neuropathologic findings are essential for the diagnosis of CTE. 
Recent consensus meetings have characterized a specific lesion indicative of CTE as well 
as supportive, non-specific features of CTE. This lesion required to diagnose CTE 
consists of accumulated hyperphosphorylated tau (p-tau) in neurons and astroglia around 
	3 
small blood vessels that are specifically at the cortical depths of sulci in irregular 
patterns. This lesion is specific to the diagnosis of CTE and has only been visualized in 
individuals with brain trauma, usually from multiple episodes, to date. Supportive 
neuropathologic features include p-tau immunoreactive features such as pretangles and 
neurofibrillary tangles (NFTs). (A. McKee, Cairns, et al., 2016; R. Stern et al., 2011) 
 
RISK FACTORS 
 Risk factors for developing CTE are derived from correlating the post-mortem 
diagnoses to reports of the individual’s clinical behavior during life. Risk factors for CTE 
include playing certain sports and repetitive head impacts outside of sports, such as those 
from military experience or domestic violence (L. Goldstein et al., 2012; A. Jones, 
Britton, Blessing, Parisi, & Cascino, 2018). There are also genes thought to be associated 
with neurodegenerative disease that may increase an individual’s risk of developing later-
life problems with head trauma (B. Jordan et al., 1997).   
REPETITIVE HEAD IMPACTS 
Exposure to repetitive head impacts (RHI) can result in recurrent concussive and 
subconcussive injuries. A concussion is the result of a head impact that causes symptoms 
for any amount of time. Subconcussive impacts are those head impacts that do not result 
in concussive symptoms or any overt signs of dysfunction. These injuries can even result 
from rapid acceleration or deceleration (D. Smith et al., 2012). Research has recently 
started focusing on these repetitive subconcussive blows and their harmful long-term 
effects on the brain. (J. Bailes, Petraglia, Omalu, Nauman, & Talavage, 2013; S. Lakhan 
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& Kirchgessner, 2012). It is important to note, that there is a subset of individuals who 
have been pathologically diagnosed with CTE though they did not report a history of 
concussion. Instead, these individuals were exposed to subconcussive blows (T. Stein, 
Alvarez, & McKee, 2015). 
RHI have been linked to short- and long-term neurologic consequences (M. 
Dashnaw, Petraglia, & Bailes, 2012). This type of injury associated with RHI has also 
been linked to cognitive deficits and even decreased olfactory function (M. Alosco, 
Jarnagin, et al., 2017). RHI seem to be a necessary risk factor for developing CTE (K. 
Bieniek et al., 2015). However, RHI are not a sufficient history to make a post-mortem 
diagnosis of CTE and there are many other risk factors that can contribute to the 
diagnosis (M. Goldfinger et al., 2018; A. McKee et al., 2009).  
With recent attention turning towards monitoring sports-related brain injury, 
accurate measurements of risk exposure are more important than ever. The cumulative 
head impact index (CHII) was developed as a metric to estimate the head impacts football 
players are exposed to in the course of play (P. Montenigro et al., 2017). The CHII was 
derived from the athlete’s self-reported exposure as well as an objective measure 
extrapolated from accelerometer studies (S. Broglio et al., 2009; T. Talavage et al., 2014) 
and positions played. Montenigro et al. showed a dose-response relationship between the 
CHII and later-life neurobehavioral impairments (2017).  
EXPOSURE TO SPORTS 
Boxing was the first sport implicated in this progressive neurodegenerative 
disease (Miller, 1966). Current research still examines boxers as well as related sports 
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like wrestling (B. Omalu, Fitzsimmons, Hammers, & Bailes, 2010) and martial arts (L. 
Lim, Ho, & Ho, 2019). There is a big push towards defining the link between boxing and 
CTE (P. McCrory, Zazryn, & Cameron, 2007).  
The link between CTE and American football has been put in the spotlight, 
especially considering recent high-profile cases with media attention (K. Belson, 2017; B. 
Omalu et al., 2005). CTE has been confirmed in football players from the high school 
level up through the professional level. While the prevalence of CTE is unclear, 87% of a 
convenience sample including 202 former football players were neuropathologically 
diagnosed with CTE (J. Mez et al., 2017). 
Ice hockey is another sport with pathologically confirmed cases of CTE (Maroon 
et al., 2015; A. McKee, Daneshvar, Alvarez, & Stein, 2014). Soccer has also been 
demonstrated as a risk factor of CTE with confirmed cases (L. Grinberg et al., 2016; H. 
Ling et al., 2017), though soccer does involve different mechanisms of brain injury than 
American football or ice hockey (R. Naunheim, Standeven, Richter, & Lewis, 2000). 
Finally, CTE has been implicated in rugby players (Stewart, McNamara, Lawlor, 
Hutchinson, & Farrell, 2016).  
The age at which an individual’s exposure to head impacts begins is also a risk 
factor for developing later-life problems (M. Alosco et al., 2018; V. Schultz et al., 2018; 
J. Stamm, Bourlas, et al., 2015; J. Stamm, Koerte, et al., 2015). A recent study found that 
American football players who started playing before the age of 12 had more than double 
the risk of clinical impairments in behavior regulation, apathy and executive function. In 
addition, these individuals exhibited higher levels of depressive symptoms than 
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participants who began playing football later than 12 years of age (M. Alosco et al., 
2017).  
MILITARY EXPERIENCE 
Another important risk factor of developing CTE lies with military experience. 
Cases of military veterans with blast exposure as well as those with a history of 
concussive injuries have demonstrated CTE neuropathology (L. Goldstein et al., 2012; B. 
Omalu et al., 2011).  Most military-related injury comes from blast exposure and has 
been associated with long-term neurologic consequences (I. Cernak et al., 2011; A. 
McKee & Robinson, 2014; T. Stein, Alvarez, & McKee, 2014). 
 
CLINICAL PRESENTATION 
 Knowing CTE can only be diagnosed post-mortem, clinically confirmed cases of 
CTE have been associated with retrospective analyses of clinical presentation during life 
to create a picture of how CTE may present. From these studies, it has been shown that 
the clinical presentation associated with CTE typically displays in four domains: 
cognitive, behavior, mood and motor (P. Montenigro, Bernick, & Cantu, 2015). Some of 
the major symptoms are summarized in Table 1, though this is not an exhaustive list.  
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Table 1: Clinical symptomatology of CTE (adapted from Montenigro et al. 2015 and 
Stern et al. 2013) 
 
 
 
 Frequently reported symptoms in participants with RHI include apathy, 
depression, behavioral dysregulation and executive dysfunction, as well as cognitive 
impairment (P. Montenigro et al., 2017). A recent study revealed mood and behavior 
symptoms in both mild and severe cases of CTE pathology (J. Mez et al., 2017).  Of 
those symptoms, impulsivity and depressive symptoms were among the most common in 
all groups.  
SUBTYPES OF CTE 
Researchers identified two clinical subtypes of CTE with onset in different stages 
of life (R. Stern et al., 2013). The subtype showing initial mood and behavior symptoms 
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tended to have an earlier onset of symptomatology. A later onset group exhibited 
cognitive symptoms initially. An additional mixed subtype was later found in which 
participants exhibited a combination of mood, behavior and cognitive symptoms (P. 
Montenigro et al., 2015).  
TRAUMATIC ENCEPHALOPATHY SYNDROME 
A relatively new set of provisional clinical research diagnostic criteria have been 
termed, “traumatic encephalopathy syndrome” (TES) after a literature review of 202 
pathologically confirmed CTE cases (P. Montenigro et al., 2014). TES is a term to 
describe the clinical features that may be due to the underlying neuropathology of CTE. 
The proposed diagnostic criteria include general criteria, core clinical features and 
supportive features. Four subtypes are specified with a behavioral/mood variant, 
cognitive variant, mixed variant and TES dementia.  
The five general criteria include RHI with concussive and subconcussive impacts 
from sources including contacts sports, military experience and domestic abuse among 
others. It is noted that other neurological disorders may be comorbid but may not account 
for all clinical features. Another general criterion is that clinical features must be present 
for at least 12 months. At least one of the core clinical features must be present and be a 
marked change from baseline functioning for the individual. Two additional supportive 
features must also be present.  
The three core criteria consist of cognitive difficulties, mood symptoms and 
behavior symptoms. The cognitive difficulties must be substantiated by impairment on 
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standardized tests in domains such as memory and executive functioning. Behavioral 
symptoms are characterized by explosivity and physical or verbal violence, while mood 
behaviors are described as depressive or related symptoms. The supportive features of 
TES include impulsivity, anxiety, apathy, paranoia, suicidality, headache, motor signs 
and a documented decline in function. Additionally, it is specified that a delayed onset in 
symptoms after head impact exposure may be anticipated.  
AGE OF ONSET 
 It has been estimated that symptoms relating to CTE will begin about 15 years 
after ending head impact exposure though it can vary from 19 years of age to over 65 (A. 
McKee, Alosco, & Huber, 2016). Of the two subtypes previously discussed, the younger 
onset group with mood and behavior symptoms averaged 35 years old, while the 
cognitive symptom onset group was closer to 60 years old (R. Stern et al., 2013).  
COGNITIVE RESERVE 
 Although the onset of CTE is variable, cognitive reserve (CR) may have an 
impact. CR is the theory that individuals with similar neuropathology can experience 
different levels of impairment (Y. Stern, 2009). The variance between the individuals is 
specific life experiences contributing to reserve creating a difference in the way the brain 
is able to fight against pathology or use compensatory strategies (Y. Stern, 2002). CR 
describes how the brain is able to actively adapt to changes and alters brain processes in a 
dynamic way (J. Steffener, Brickman, Rakitin, Gazes, & Stern, 2009; E. Zarahn, Rakitin, 
Abela, Flynn, & Stern, 2007). There is no convenient way to measure CR holistically, so 
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most often it is measured using one or multiple proxies. These proxies include estimated 
IQ, level of educational attainment and occupational level (Y. Stern, 2002).  
The concept of CR can be applied to any brain disruption including Alzheimer’s 
disease (AD), neuropsychiatric disorders and traumatic brain injury, and has been shown 
to delay the onset of impairment with higher reserve (Anaya et al., 2016; S. Kesler, 
Adams, Blasey, & Bigler, 2003; Y. Stern, 2013). It has been suggested that CR, measured 
by years of education, facilitated recovery from TBI (E. Schneider et al., 2014). Recent 
attention has also implicated CR as a modifier of symptom profiles in individuals with 
confirmed CTE with higher occupational attainment predicting a later onset of cognitive, 
behavioral and mood impairment (M. Alosco, Mez, et al., 2017).  
BIOLOGICAL DIAGNOSIS 
Further risk factors of CTE lie in genetics and biomarkers that are currently being 
put into a new light with neurodegenerative research. Apolipoprotein E allele 4 (ApoE-𝜀4) abnormalities have been detected in AD patients and ApoE-𝜀4 gene dose has been 
defined as a common risk factor for late onset AD (E. Corder et al., 1993). CTE can 
present similarly to patients with AD in macroscopic and microscopic appearance. Both 
involve tauopathies as well as amyloid deposition. Apolipoprotein E allele 4 (ApoE-𝜀4) 
abnormalities is also a commonality between the two diseases (J. Ramos-Cejudo et al., 
2018). Showing many other commonalities with AD, CTE researchers began 
investigating ApoE-𝜀4 expression in patients. They found an increased severity of 
deficits acquired from traumatic brain injury (TBI) in patients with ApoE-𝜀4 (B. Jordan 
	11 
et al., 1997). From here, the genetic and biomarker research surrounding CTE has taken 
off.  
Recent work by Cherry et al. discovered a protein, CCL11, that is elevated in 
CTE patients compared to those subjects with AD (2017). CCL11 will act as both a 
biomarker for CTE and a way to rule out AD as a diagnosis. (J. Cherry et al., 2017)  
A potential biomarker measuring exosomal tau content in plasma has been 
suggested in a modern study (R. Stern et al., 2016). Levels of exosomal tau in plasma of 
patients with a history of playing football were significantly higher than levels in a 
control group of non-contact athletes. The high levels of tau also correlated with lower 
levels of cognitive functioning. These results could be combined with patient history of 
TBI and clinical symptoms to preliminarily diagnose CTE non-invasively in living 
patients.  
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SPECIFIC AIMS 
 
In 2017, 75% of the population participated in physical activities across the 
United States and its territories (“BRFSS Prevalence & Trends Data: Explore by Topic | 
DPH | CDC,” n.d.). With this heightened activity and exposure to head impacts, more 
research needs to be done on CTE and how this progressive neurodegenerative disease 
will affect individuals during life. Since there is a lack of ability to diagnose CTE, there is 
also lack of therapy and treatment. Current research is focused on developing a clinically 
diagnosable syndrome that is related to CTE prognosis. With development of in vivo 
diagnosis methods, there can be further strides to recognize CTE in living patients 
followed by an increase in therapeutic measures.  
The goal of the present study was to define the clinical presentation of former 
athletes with various exposure to RHI. The main focus was on the mood and behavior 
profiles demonstrated by research-based outcome measures. It was hypothesized that the 
symptom profiles would cluster into four groups: asymptomatic, mood symptoms, 
behavior symptoms, and highly symptomatic with mood and behavior symptoms. 
Additionally, it was thought that the highly symptomatic group would largely be made up 
of football players. Another hypothesis of the present study, regarding age, was that the 
more symptomatic persons would be significantly older, while the younger individuals 
would show fewer symptoms. Furthermore, it was hypothesized that there would be a 
cognitive reserve protective effect in that participants with more years of education would 
exhibit fewer symptoms. A secondary hypothesis within this study was that within the 
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group of football players, there would be a significant effect of RHI as shown by CHII in 
that a higher CHII would indicate more symptomatic participants.  
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METHODS 
 
PARTICIPANTS 
The current study is based on data collected from an ongoing study of former and 
active athletes at the Boston University Alzheimer’s Disease and Chronic Traumatic 
Encephalopathy Centers, the Longitudinal Examination to Gather Evidence of 
Neurodegenerative Disease (LEGEND). Previous studies have published on the 
LEGEND protocol (Alosco et al., 2017; Montenigro et al., 2017; Robbins et al., 2014). 
Although this thesis conducted thorough analysis of existing data, the description of the 
overall LEGEND study procedures will be summarized below. LEGEND is an ongoing 
longitudinal study with the purpose of recording risk factors related to RHI in former and 
active contact and non-contact sport athletes. The study examines short and long-term 
consequences that may be associated with participation in sports.  
Participants complete online questionnaires and speak with a member of the study 
staff once a year over the phone to discuss concussions, athletic history, medical history 
and cognitive functioning. The online survey includes self-reported measures of mood, 
behavior and executive functioning. The structured telephone interview includes an 
objective cognitive measure, the Brief Test of Adult Cognition by Telephone (BTACT). 
There are also questionnaires to gather demographic information, full athletic and 
military history as well as substance use and medical history. The surveys are updated 
yearly. All study procedures were approved by the Boston University Medical Campus 
Institutional Review Board and participants provided informed written consent.  
	15 
LEGEND participants were initially acquired through online postings, physical 
postings and word-of-mouth. The criteria include a history of participation in organized 
sports and ≥ 18 years of age. The broad parameters insure a large enough sample for data 
analysis.   
The sample used for analysis was taken from a larger sample of subjects from the 
LEGEND study. The study used data from each participant’s most recent visit in order to 
gather a more accurate, current clinical picture of the participants’ symptom profiles. We 
included participants 18 years of age or older, with no military experience or diagnoses of 
epilepsy who had a history of playing organized sports at any level. Participants with 
military experience were excluded due to the difference in mechanisms and 
neuropathologic progression of brain injury compared to sports related injuries (L. 
Goldstein et al., 2012). Participants with seizure disorders were excluded from the 
present sample for similar reasoning (A. Jones et al., 2018). This left 859 unique subjects 
in the sample.  
Additionally, all subjects who reported they had a concussion within the year of 
their cognitive testing were excluded, as answers would be unreliable given the 
possibility of persistent cognitive symptoms up to one year after injury (P. McMahon et 
al., 2014). Participants who were active in their primary sport in the past two years were 
excluded from analyses due to the possibility of continuous exposure to head trauma. 
From this set, only participants that completed all four outcome measures were included 
in the analysis. Of the 859 unique subjects in the sample, 592 met the criteria and were 
included in the final analyses, see figure 1 for a depiction of the sample selection.  
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Figure 1: Flowchart of sample selection based on inclusion criteria 
 
MEASURES 
 The focus of the measures administered in LEGEND is to evaluate domains that 
may be affected by RHI exposure (M. Alosco et al., 2017; Byrd, Dixon, & Lucke-Wold, 
2018; A. McKee et al., 2013; J. Mez et al., 2017). These include the BTACT, Behavior 
Regulation Inventory of Executive Function-Adult Version (BRIEF-A), the Apathy 
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Evaluation Scale (AES), the Barratt Impulsiveness Scale-11 (BIS-11), the Center for 
Epidemiologic Studies Depression Scale (CES-D), and the Functional Activities 
Questionnaire (FAQ). Domains tested include cognition (measured by the BTACT), 
executive functioning (measured by the BRIEF-A), apathy (measured by the AES), 
impulsivity (measured by the BIS-11), depression (as measured by the CES-D) and 
functional independence (measured by the FAQ). The present study included scores from 
the Behavior Regulation Index (BRI) collected from the BRIEF-A as well as the AES, 
BIS-11 and CES-D in the analyses. As this study is focused on creating a clinical picture 
of the mood and behavior profile of athletes, the FAQ and BTACT measures were not 
included in analyses. The specific tests chosen for the current study will be described in 
more detail below. 
 
 
Figure 2: Categorizing LEGEND study measures  
 
BEHAVIOR RATING INVENTORY OF EXECUTIVE FUNCTION-ADULT VERSION 
An online version of the BRIEF-A was used to evaluate participants’ executive 
functioning on a validated, 75-item self-report instrument (R. Roth, Isquith, & Gioia, 
2005). The participants use a three-point Likert scale to rate the frequency that executive-
Mood Behavior
Apathy Evaluation Scale (AES) Barratt Impulsiveness Scale-11 (BIS-11)
Center for Epidemiologic Studies Depression Scale (CES-D) Behavior Regulation Index (BRI)
LEGEND Study Measures Included in Current Analyses
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function behaviors are a problem. On the scale, a higher score indicates more 
dysfunction. Two index scores can be derived from the BRIEF-A, the Metacognition 
Index (MI) and the Behavior Regulation Index (BRI). As our study is focused on the 
mood and behavior symptom profile as opposed to the cognitive profile of our 
participants, we used the BRI subscale score only. A BRI T-score was derived from the 
raw scores using normative data. For this measure, a higher T-score indicates worse 
dysfunction. The BRIEF-A has been used in literature to evaluate mental health in retired 
contact sport athletes and this is why we chose to include this as a main measure (B. 
Willer et al., 2018). This measure has already been shown to be sensitive to changes in 
exposure to head impacts (M. Alosco et al., 2017; D. Seichepine et al., 2013).  
APATHY EVALUATION SCALE 
 The AES is a self-report measure of apathy through domains of behavior, 
cognition and emotional symptoms (R. Marin, Biedrzycki, & Firinciogullari, 1991). 
Participants are asked to rate symptoms experienced in the past month on a four-point 
Likert scale. We used a total score in analyses with higher scores representing greater 
apathetic symptoms and scores at or above 34 are clinically meaningful (Kant, Duffy, & 
Pivovarnik, 1998). The AES has been shown to detect changes regarding head impacts 
(M. Glenn et al., 2002; B. Guercio et al., 2015; P. Montenigro et al., 2017) 
BARRATT IMPULSIVENESS SCALE-VERSION 11 
 The BIS-11 is a 30-item scale that is self-rated using a four-point Likert scale and 
is used to measure impulsivity (J. Patton, Stanford, & Barratt, 1995; S. Reise, Moore, 
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Sabb, Brown, & London, 2013). Participants are asked to answer questions about how 
they think and act without spending too much time on any question. There is no time 
frame in which to judge the presence of behaviors, so this provides a current sample of 
the participant’s behavior. Higher scores on the BIS-11 indicate a participant is more 
impulsive with a cutoff score at or above 72 indicating high impulsivity (M. Stanford et 
al., 2009). This scale is reliable in its evaluation of assessing impulsivity across a diverse 
set of cultures and samples (A. Vasconcelos, Malloy-Diniz, & Correa, 2012). This 
measure has previously been sensitive to changes with exposure to head impacts (S. 
Banks et al., 2014; V. Schultz et al., 2018).  
CENTER FOR EPIDEMIOLOGIC STUDIES DEPRESSION SCALE 
 The CES-D was completed online as a 20-item checklist measuring self-reported 
depressive symptoms. This measure uses a Likert four-point scale to have participants 
reflect on their depressive symptoms in the past week. A total score was used in analysis 
with higher scores reflecting worse depressive symptoms. Clinical depression is 
suggested at and above a score of 16 (Lewinsohn, Seeley, Roberts, & Allen, 1997). We 
decided to use this measure as it is validated in measuring depressive symptoms as a self-
report measure (R. Gomez & McLaren, 2015). The CES-D was also chosen given its 
sensitivity with exposure to head impacts (Alosco et al., 2017; Montenigro et al., 2017). 
 
DATA ANALYSIS PLAN 
All analyses were performed using SPSS version 25 (IBM SPSS Statistics for 
Windows, 2017). Descriptive statistics were compiled for all demographic variables, such 
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as age, sex, and race. Frequencies for all outcome measures were collected and compared 
using histograms against a normal curve. The outcome measures were standardized using 
z-scores. In all cases, a z-score greater than zero indicates more dysfunction.  
Cluster analyses of the outcome measures were used to identify homogenous 
subgroups within the larger sample. K-means iterative partitioning technique was used to 
cluster solutions. Cluster analyses specifying 3, 4 and 5 groups were executed, given the 
literature on the clinical presentation of CTE suggesting the possibility of these separate 
groups (P. Montenigro et al., 2015; R. Stern et al., 2013).  
Descriptive features of the groups within the clusters were explored for 
similarities and differences. ANOVA tests were used to analyze quantitative variables. 
Homogeneity of variance tests were used to evaluate normality, and post-hoc analyses 
were done using Student-Newman-Keuls (S-N-K) tests. Chi-square tests were used to 
evaluate the categorical variables. Significance was set at p < 0.05.  
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RESULTS 
 
DESCRIPTION OF THE SAMPLE 
 Of the 592 participants in the current sample, most were white males who 
identified as not Hispanic or Latino. The mean age of the sample was 46.2 years old 
(SD=13.16, range = 19-86).  
 
Table 2: Description of the sample 
 
 
Regarding athletic history, over half the male sample identified football as their 
primary or secondary sport. This left just 29.6% of males in the study without football 
experience. Soccer and hockey were the next most popular sports. 
 
Table 3: Athletic experience of the sample 
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Table 4: Football experience of the sample 
 
 
MOOD AND BEHAVIOR PROFILE OF SAMPLE 
 During analyses, various cluster solutions were examined. The solution with five 
clusters was the most clinically meaningful as it showed a clear difference between mood 
and behavior symptoms. Based on the profile of clusters, the following descriptive labels 
were given, see figure 3 for a full depiction.  
 Cluster one consists of the Asymptomatic (N=160) group. The individuals in this 
group had very low z-scores on all outcome-measures, indicating almost no dysfunction. 
These participants are not currently having trouble with symptoms related to mood or 
behavior based on the self-reported outcome measures. 
 The second cluster is made up of the Mildly symptomatic (N=180) group of 
individuals. These participants showed some dysfunction compared to the asymptomatic 
group; they may be experiencing mild symptoms but still remain within normal limits.   
 The Mood symptoms (N=99) group of individuals are found in cluster 3. These 
individuals showed higher z-scores on the CES-D and AES compared to their scores on 
the BRI and BIS-11.  
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 Cluster 4 shows the Behavior symptoms (N=84) group with individuals showing a 
higher level of dysfunction, as measured by z-scores, on the BRI and BIS-11 compared to 
the CES-D and AES.   
 The last cluster revealed a Highly symptomatic (N=69) group showing a mixed 
profile. Participants in this cluster exhibited very high levels of dysfunction on all 
outcome measures. 
 
 
 
Figure 3: Cluster membership based on outcome measures; Behavior Regulation Index 
(BRI), Apathy Evaluation Scale (AES), the Barratt Impulsiveness Scale-11 (BIS-11), the 
Center for Epidemiologic Studies Depression Scale (CES-D)  
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ASSESSMENT OF DIFFERENCES 
 There were no significant differences suggesting football to make up the majority 
of any clusters. This was analyzed using a Chi square (df=4, p=0.818).  
 
Table 5: Percent of cluster made up by football players 
 
Average age was not significantly different across the clusters. A one-way 
ANOVA was used in the analysis (df=4, p=0.181).  
 
Table 6: Mean age of participants in each cluster 
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There was a significant difference in the mean years of education between the 
clusters as measured by a one-way ANOVA (df=4, p <0.001). Post-hoc S-N-K tests 
revealed significant differences between the groups and are included below (Figure 5). 
The S-N-K tests presented the significant difference between the Asymptomatic group, 
with the most years of education, and the Highly symptomatic group, with the least years 
of education. It was also revealed that the Mildly symptomatic, Mood symptom and 
Behavior symptom groups were not significantly different from each other; however, 
they were significantly different from the Highly symptomatic and Asymptomatic 
groups. 
 
Table 7: Mean years of school reported by participants  
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Figure 4: Mean years of education within clusters 
 
 
 
Figure 5: Post-hoc S-N-K tests of mean years of education  
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Regarding the CHII, there were no significant differences between the groups, as 
measured by a one-way ANOVA (df=4, p=0.905). This measure was based on number of 
seasons played and only included football players.  
 
Table 8: Mean CHII based on seasons of play of football players  
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DISCUSSION 
 
 The goal of this study was to define the clinical presentation of former athletes. 
Four outcome measures were used to categorize the symptoms of the individuals. It was 
found that in a group of 592 participants, there were five groups in which the participants 
clustered with discrete symptom profiles. There were no significant differences in age, 
sport prevalence or CHII between the clusters. The results of the study revealed a 
significant difference in the mean years of school between the five clusters. These 
findings depict a clear grouping of clinical symptoms in former athletes. The results 
indicate various groups with specific symptom profiles with mood and behavior 
symptoms falling into separate categories.  
 
CLUSTER RESULTS 
 Cluster analyses revealed five discrete groups in the sample of 592 former 
athletes: Asymptomatic, Mildly symptomatic, Mood symptoms, Behavior symptoms and 
Highly symptomatic. These results are consistent with literature showing separate 
subtypes of individuals having a history of head impact exposure (P. Montenigro et al., 
2014; R. Stern et al., 2013). Groups of highly symptomatic and asymptomatic 
participants were anticipated due to the variety of the sample in experience, risk factor 
exposure and age. With the widespread sport experience of the sample, both contact and 
non-contact, it was expected to find this broad range of symptom severity.  
It was originally hypothesized there would be four clusters with asymptomatic, 
mood symptoms, behavior symptoms and highly symptomatic groups; however, our 
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analyses revealed an additional fifth group that was Mildly symptomatic. This finding 
could be attributed to analyzing participants at different time periods after finishing their 
athletic careers. In connection with CTE, there may be a latency period between when an 
individual ends exposure to head impacts and when they begin to develop symptoms (P. 
Montenigro et al., 2014). This Mildly symptomatic group suggests a progression of 
symptoms after sport experience and exposure to head impacts. The progression of 
symptoms would be consistent with the progressive nature of CTE (A. McKee et al., 
2009). 
In regard to the mood and behavior symptoms seen in this sample, there is 
conjecture that the symptoms are related to underlying pathology. The neuropathologic 
distribution of tau deposition associated with CTE may follow the Papez circuit with 
serious implications to emotion (A. McKee et al., 2009; J. Papez, 1995). The early 
abnormalities seen in this region of the brain may account for this mood and behavior 
symptom profile that we see early in the progression of CTE. It is suggested that 
dysexecutive symptoms, as seen on the BRI, may stem from the neurofibrillary 
degeneration in the frontal cortex and white matter in the region (McKee et al., 2009). 
Very new research is suggesting clinical implications of neuroinflammatory 
processes from RHI unrelated to tau pathology (M. Alosco et al., 2019). Specifically, 
increased neuroinflammatory markers were related to notable mood and behavior 
symptoms in former NFL players compared to control participants. In addition to non-tau 
pathology, there are other factors contributing to this mood and behavior symptom profile 
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that are unknown at this time. These include genetics, predisposition to psychiatric 
history and idiopathic mental illness.  
ASSESSMENT OF DIFFERENCES RESULTS 
FOOTBALL WITHIN CLUSTERS 
 Originally, it was hypothesized that the football players in the sample would 
mostly be grouped into symptomatic clusters. This was hypothesized due to the high 
number of RHI these athletes are exposed to in the course of competition resulting in 
increased brain injury (J. Mez et al., 2017). Results revealed no significant difference in 
the overall percentage of the group made up by football players compared to other sports. 
Since the sample was mostly football, it is hard to make clear conclusions. 
AGE TRENDS 
The present study found that there was no age difference between the 
Asymptomatic and Highly symptomatic groups. Beginning hypotheses were that a group 
of older individuals would show higher levels of symptoms. This was due to findings that 
symptoms may begin to develop in the fifth decade of life (D. Seichepine et al., 2013), 
and as CTE is a progressive disease, symptoms would be anticipated to worsen over time.  
This lack of difference between clusters may potentially be due to the varied 
nature of our sample and assessing individuals at different time periods after stopping 
their athletic participation. One study found symptom onset was on average starting 14.5 
years after retirement from athletic play (T. Stein et al., 2015). It is consistent, therefore, 
that onset of symptoms was varied, and symptom severity did not mirror the age of 
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participants. The finding implies the need to assess athletes of all ages for mood and 
behavior symptoms, as well as future available tests for brain diseases like CTE. 
There is a study suggesting a connection between the time it takes for the spread 
of neuropathology and the delayed symptom onset (J. Kriegel, Papadopoulos, & McKee, 
2018). These results would be consistent with such a theory in that it is unclear what 
stage each of our participants is in post-retirement.  
YEARS OF EDUCATION  
 This study uses total years of education as a measure of CR. Results show a 
significant difference between the five clusters with the least symptomatic participants 
reporting the most years of education. This is consistent with literature that predicts a 
protective effect against symptoms with higher reserve (Y. Stern, 2013). Similar 
neuroprotective effects have been seen in AD, Parkinson’s disease as well as aging (Y. 
Stern, 2002). Evidence also suggests the CR effect in neuropsychiatric disorders like 
bipolar (Anaya et al., 2016). Moreover, there was a study suggesting CR across dementia 
types (A. Linds et al., 2015). 
Limitations to this study include the use of educational attainment as a proxy of 
CR. Specifically, educational attainment does not factor in the experience that individuals 
with the same degree can have due to the differences in educational rigor (J. Manly, 
Jacobs, Touradji, Small, & Stern, 2002). This sample is mostly highly educated people 
with college degrees, and a large part of the sample is made up of college football 
players. In this case, educational attainment may instead be a measure of athleticism. 
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Also, the significant differences in the years of school attained do not correlate to an 
increase in degrees achieved, making meaningful clinical conclusions difficult to obtain.  
On another note, these measures do not account for genetic predispositions and 
personal characteristics (S. Cosentino & Stern, 2013; Krapohl & Plomin, 2016; E. 
Rhodes, Devlin, Steinberg, & Giovannetti, 2017). Additionally, CR measures like years 
of education do not account for later life experiences that may contribute to how an 
individual’s brain is able to combat injury (A. Borenstein, Copenhaver, & Mortimer, 
2006). 
Stern also warns that the relationship between years of school and these measures 
of outcome may be unclear (2002). That is to say, it is not a cause and effect relationship 
and the years of school may not be causing this perceived protection against 
symptomatology. There is the concern brought in with socioeconomic factor and this 
being a confounding variable (Y. Stern, 2002). Though other studies have found this 
relationship between schooling and CR, it is possible that years of education may be a 
proxy for measuring other things like environmental risk factors (N. Anderson, Bulatao, 
Cohen, & National Research Council (US) Panel on Race and Ethnicity, 2004; J. 
Mortimer & Graves, 1993; K. Siedlecki et al., 2009).  
Some of these limitations could be combatted by using multiple measures of CR, 
though this would introduce confounding variables. Using things like leisure activities 
and socioeconomic status in addition to measures like educational attainment may help 
create a holistic picture (Scarmeas, Levy, Tang, Manly, & Stern, 2001). There is still a 
need for developing dynamic measures of CR in a convenient manner.  
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CHII 
 It was expected that increasing CHII in the football only sample, would match up 
with increasing symptom severity as previous literature has suggested (P. Montenigro et 
al., 2017). Results revealed that this was not the case in our current analyses of the 
sample. Inconsistencies may stem from having a group with an overall higher CHII than 
may be seen in other samples due to the majority of football players in the sample having 
many years of playing. There is also a possibility that the present sample is made up 
mostly of older participants, in their forties, which is when it would be expected to see 
participants with possible CTE start showing symptoms. Another note to be made is that 
the study may have used an insensitive measure of CHII, as it was basing this on seasons 
of football played. For all of these reasons, it may not have been possible to see the trend 
of increased CHII leading to increased impairment within the data.  
 
IMPLICATIONS FOR FIELD 
Current research has been unable to set standards for diagnosing CTE in the 
living. Often, CTE is instead misdiagnosed during life as AD or dysthymic disorder. The 
only way to diagnose CTE, at present, is with post-mortem neuropathology studies and a 
complete history of RHI. Recently, research of CTE has been focused on creating a 
standard for diagnosing CTE in living patients. Some strides have been made using 
plasma protein levels and looking at genetic biomarkers. A clinical profile specific to 
individuals exposed to RHI would help provide standards for diagnosis during life. This 
study revealed that participants in a large sample of athletes fell into very discrete groups 
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with specific symptom profiles. Using these symptom profiles along with a full history 
and potential scans and or biomarkers could bring a lifetime diagnosis to fruition.  
 Additionally, the more that is discovered about CTE, the more it is seen how this 
disease may be preventable. Helmets and mouthguards are a step towards preventing 
serious injury, though they are not enough to reduce concussions and head impacts in 
sports (D. Daneshvar et al., 2011). An estimated 50% of sports-related concussions may 
go unreported. Athletes may be unaware of the severity associated with brain injuries and 
are instead motivated by their fear of being withheld from competition (M. McCrea, 
Hammeke, Olsen, Leo, & Guskiewicz, 2004). This is likely attributed to a gap in research 
and educational resources surrounding head impacts and long-term consequences. Since 
2009, all 50 states have passed legislature addressing TBI (“Traumatic Brain Injury 
Legislation,” n.d.). In 2017 alone, 24 states enacted legislation to prevent TBI, including 
in youth athletes (“Injury Prevention Legislation Database | Opioid Abuse Prevention,” 
n.d.). Though this is not exhaustive, there are many more pieces of legislature that 
advocates are currently working to pass into action.  
 
LIMITATIONS  
 While this study is a strong step towards further discerning a symptom profile of 
CTE, it does have limitations. Since LEGEND is a longitudinal study of living 
participants, we do not have pathology to correlate with the data. This means there is not 
currently a way to correlate these profiles to a diagnosis of CTE. The present study was 
also limited in that LEGEND does have sampling bias. It is mostly self-selected and 
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largely made up of football players. This may be due to a recruitment bias especially 
provoked by media attention on the relation between football and CTE. Additionally, all 
measures reported on in this study were self-report and there were no cognitive measures 
used in the analyses. There is no way to create an unbiased clinical picture with just the 
current measures.  
 
FUTURE DIRECTIONS 
In future studies, it would be ideal to have the participants complete objective 
measures of mood, behavior and cognition, as well as donate their brains to be correlated 
with the data once they pass. Having objective neuropsychological testing will create a 
true clinical profile that we can associate with neuropathology. This combination will 
lead to diagnosing CTE during life and potential implementation of therapeutic measures.  
Another venture would be to collect the CHII for all sports, instead of just 
football. There is a need to learn about the exposure of RHI in regard to all sports. With 
this knowledge it may be possible to decrease the number of head impacts in the future, 
thus decreasing the risk of developing CTE. 
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CONCLUSION 
 
Long-term effects of RHI have been clearly linked to CTE and current efforts are 
directed towards diagnosing this disease during life. In this study, a symptom profile was 
conceived for former athletes. Per these results and previous literature, we anticipate 
individuals with head trauma exposure to develop mood and behavior symptoms. Further 
research surrounding the connection between symptomatology and neuropathological 
diagnosis is needed. 
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